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(54) Fluid cylinder assembly 

(57) A fluid cylinder assembly (1.) of the kind provid- 
ed with a cylinder tube (11) in whjch a piston: (12) cou- 
pled by a piston rod (1 3) operates The cylinder tube has 
one end connected with a. rod cover (,14) The piston rod 
passes: th rbu gK an ape rture in the rod cbver and projects 
outwardly the rod cover, is associated with means for 
mountingUhe fluid cylinder assembly on a frame (FM) 
and a load transducer (23) wh ich^con verts a change in 
load axially acting thereon to a change in voltage or cur- 
rent and develops an electrical signal. /The/movement 
of a lead wire., extending outwardly, of .the load transducer 
is precluded,, and. the results ; ,bf .measurement are ob- 
tained wjth. a high .degree of accuracy: '< ' fv - 
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Description 

BACKGROUND OF THE INVENTION 

Field of the invention 5 

[0001 ] This invention relates to a fluid cylinder assem- 
bly incorporating load transducers has defined herein- 
after) for detecting the thrust exerted by a piston rod. 

70 

Description of the Prior Art 

[0002] The prior art fluid cylinder assembly is useful 
for various purposes such as subjecting a component 
part of a machine to press fit, clamping, chucking, roller is 
pressure or stamping. According to the purpose for 
which the fluid cylinder assembly is used, it is necessary 
to detect the magnitude of thrust exerted by a piston rod 
or the magnitude of load acting on the component part. 
[0003] For example, when a component part of a ma- 20 
chine is subjected to press fit, force exerted thereon is 
measured with a view to using the measured value for 
passing a judgment on whether or not the component 
part has been properly subjected to press fit. 
[0004] It is known to measure such force by means of 25 
a load cell carried either on the outer end of the piston 
rod (as disclosed in Japanese Utility Model Registration 
No. 2,569,871) or on a cap cover secured on the end of 
a cylinder tube opposite the end at which the piston rod 
is extendible and retractable. 30 
[0005] The load cell carried on the outer end of the 
piston rod assures that the results of measurement are 
obtained with a high degree of accuracy, because the 
magnitude of load acting on the component part can be 
directly measured. The trouble is that a lead wire ex- 35 
tending outwardly of the load cell moves as the piston 
rod moves. Therefore, a supporting member or mem- 
bers have to be employed as a means to movably sup- 
port the lead wire and prevent it from being disconnect- 
ed. 40 
[0006] In case of the load cell carried on the cap cover, 
the output taken from the load cell contains not only the 
magnitude of load acting on the component part but also 
the magnitude of gravity acting on the fluid cylinder as- 
sembly perse. Especially when the fluid cylinder assem- 45 
bly is mounted on a vertical supporting structure in can- 
tilever fashion, i.e. , with the cap cover allowed to support 
the gross weight of the fluid cylinder assembly, the out- 
put taken from the load cell contains not only the mag- 
nitude of thrust acting on the component part but also so 
the magnitude of angular moment acting on the fluid cyl- 
inder assembly per se. A marked decline in the accuracy 
of measurement results therefrom. 

SUMMARY OF THE INVENTION 55 

[0007] The present invention is concerned with elim- 
inating the aforesaid difficulty. As such, the primary ob- 



ject of the invention is to provide a fluid cylinder assem- 
bly which precludes the movement of a lead wire ex- 
tending outwardly of a toad cell and allows the results 
of measurement to be obtained with a high degree of 
accuracy. 

[0008] As indicated above, the invention is concerned 
with a fluid cylinder assembly of the kind provided with 
a cylinder tube 1 1 in which a piston 1 2 coupled by a pis- 
ton rod 13 operates. The cylinder tube 11 has one end 
connected with a rod cover 1 4. The piston rod 1 3 passes 
through an aperture in the rod cover 1 4 and projects out- 
wardly. In one described embodiment, the rod cover 14 
is associated with means 27 for mounting the fluid cyl- 
inder assembly on a frame FM and a transducer which 
converts a magnitude in load axially acting thereon to a 
magnitude in voltage or current and develops an electric 
signal (hereinafter referred to as the "load transducer"). 
[0009] In another described embodiment, the load 
transducer includes two flanges lying on, and perpen- 
dicular to. the axis of the fluid cylinder assembly and 
disposed in spaced parallel relation with each other. A 
thin cylindrical wall capable of elastic deformation is in- 
terposed between, and integrally formed with, these two 
flanges and extends coaxially of the fluid cylinder as- 
sembly. At least one strain sensor is mounted on the thin 
cylindrical wall. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0010] 

Fig. 1 is a fragmentary front view of one embodi- 
ment of the invention: 
Fig. 2 is a bottom plan view thereof; 
Fig. 3 is a sectional view of a part thereof where a 
strain gauge is mounted; 

Fig. 4 is a front view of another embodiment of the 
intention; 

Fig. 5 is a bottom plan view thereof; 

Fig. 6 is a sectional view of a plate-shaped member; 

Fig. 7 provides a circuit diagram of an example of 

an electrical circuit incorporated in the strain gauge; 

and 

Fig. 8 provides a circuit diagram of an example of 
how to make a connection lor the strain gauges. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Embodiment 

[0011] In Figs. 1 and 2, the numeral 1 designates a 
fluid cylinder assembly of a first embodiment. Fig. 3 is 
a sectional view of a part of a load transducer 23 incor- 
porated therein where a strain gauge GUI is mounted. 
[0012] The fluid cylinder assembly 1 shown in Figs. 1 
and 2 comprises a cylinder tube 1 1 , piston 1 2, piston rod 
1 3, rod cover 1 4, cap cover 1 5, four tie bolts 1 6a to 1 6d, 
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gland ring 22, load transducer 23, flange 24 and bush 
25. 

[001 3] The load transducer 23 is made up ot flanges 
41 and 42, thin. cylindrical wall 43 and strain gauges 
GU1 , GU2, etc. The flange 41 serves to connect the load 
transducer 23 with the rod cover 1 4 by means.of tie bolts 
1 6a to 1 6d threaded into holes 41 a to 41 d irvthe flange 
41. The flange 24 is connected with the flange 42;of the 

- load transducer 23 by means of bolts 26a tp-26d thread- 
ed into hole's 42a. to 42d in the flange 42 through the 

. 'flange 24 The outer surface' of the thin cylindrical wall 
43 curves towards the. top and the bottomland termi- 
nates^ with a larger compass than the middle ^portion so 
as Jo forrn the flanges 41 and 42. The-thin ; cylindrical 
wall 43 undergoes elastic deformation -in proportion to 
thejnagnitude of thrust acting thereon.x. -.' vy. 1 
[001 4] Referring now to Figs. 1 to 3, four strain gauges 

. GUI to GU4 are adheredto four circ'umferentially equi- 
distantly. spaced positions respectively, on the outer sur- 
face of the thin cylindrical wall 43- so as to- be/strained 
in Tespohs e to load ax ial ly.actin g oath e 're g ion ' betwee h 
the flanges 41 -and 42 and generate'a signal proportional 
to; the^Ioad. A", lead^ wjre -extending outwardly ,;pf < each 
strain gauge GU is connected to an amplifier ! < 
[0015]; The. piston. 12^ is slidably mounted in the bore 
of the cylinder tube 1 1 . The piston rod 1 3 coupled bythe 
piston 1 2 moves together with the piston 12 The piston 
rod 13 passes through an aperture in the rod cover 14 
and projects outwardly 

[001 6] The rod cover 1 4. cap cover 1 5 cylinder tube 
1 1 and load transducer 23 are associated with each oth- 
er as follows^ The holes 41a to 41 d in the flange 41 are 
tapped to engage the threaded ends of the tie bolts 1 6a 
to 16d respectively Each of the tie bolts 16a to 16d has 
the other threaded end passing through an aperture in 
the cap cover ts and-then allowing a n ut to be threaded 
tightly thereupon.* 

[0017] . As has been above explained, the flange. 24 is 
connected. with the , flange 42 of the load transducer 23 
by means of bolts 26a to 26d threaded into holes 42a to 
42d in the flange 42 thrpugh the flange 24-; The- flange 
24 is provided with holes 27 to be engaged by bolts (not 
shown) for mounting the fluid cylinder assembly 11 on the 
frame FM. : V . .." . - > 

[0018] A fluid under pressure can be introduced into 
the interior of the. cylinder tube 11 through, ports (not 
shown) provided in the rod cover 14 and the cap cover 
15 to cause the pjston rod 13 to assume the retracted 
and extended positions respectively. ■■ 
[0019] The space between the piston rod 1 3 and the 
internal surface of the load transducer 23 is sufficient to 
permit the enclosure of grease. The piston rod. 13 may 
possibly lightly abut against the internal surface of the 
bush 25. Such abutment has been found undesirable in 
order to obtain the results of rneasurement with a high 
degree of accuracy. A seal 31, which serves also as a 
seal, is provided on the internal surface of the gland ring 
22. A scraper 32 is provided on -the internal surface of 



the bush 25. The provision of the scraper 32 has also 
been found undesirable in order to obtain the results of 
measurement with a high degree of accuracy. 
[0020] The application of the fluid cylinder assembly 
5 1 to a case where a fluid under pressure is introduced 
into the interior of the cylinder tube 11 through a port 
provided in. the cap cover 15 to cause the piston rod 13 
to assumean extended position so as to allow the outer 
..end^pf the piston rod 13 to. subject a component part of 
10- a machine to press fit will now be described as an ex- 
^ample of the manner in which the fluid cylinder assembly 
. 1 works. . ; 

[0021] When the piston rod 1 3 is assuming an extend- 
ed, position, the fluid cylinder assembly 1 generates a 
?5 -thrust- which is substantially equal to the force exerted* 
on the component part. This thrust is axially applied to 
the load transducer 23 and causes the thin cylindrical 
■ -; wall 43 to be deformed. Then the strain gauges GU gen- 
erate signals, which are subjected to arithmetic op era - 
20 ^ions so that the magnitude of the thrust may be;found. 
? j;[0022] ; : -fTbe output taken from the load transducer 23 
- - contains not .only the magnitude of thrust acting on the 
.^component part but also the magnitude of gravity acting 
? .rpn : the. fluid, cylinder; assembly per se. However, this 
25. gravity has a known fixed quantity and can be easily cor- 
. greeted by * calculation,:, . > 

-.- [0023] When the load transducer 23 undergoes force 
;. /other than axial forcpi e.g. bending moment or torsional 
. { moment, the undesirable effect of such force can be cir- 
30 cumvented by using appropriate strain gauges GU and 
;; by making an appropriate connection therefore ■ 
-'■ [0024] • It will be appreciated that certain significant ad- 
. ' vantages are obtained from the fluid cylinder assembly 

1 : as. follows: The load transducer 23 permits the meas- " 
35 urement of thrust to be carried out easily and with a high 
degree of accuracy. Since the load transducer 23 does 
not move during measurement, the movement of lead 
wires extending outwardly of the strain gauges GU is 
precluded. Therefore, the. lead wires can be secured to 
40 a supporting structure. A wiring plan can be readily car- 
ried into; effect, and yet the possibility of disconnection 
is. obviated. 

[0025] Dust and or oil attached to the piston rod 1 3 is 
. scraped away by the scraper 32. Thus the surface of the 
45 piston rod i 3 is substantially completely cleaned such 
. that dust and or metal powder is prevented from getting 

into the cylinder tube 11. However, the invention is 

based on the realization that the scraper 32 does not 

necessarily need to be used. 
so [0026] The strain gauges GU may be coated with a 

synthetic resin for the protection thereof. Alternatively, 

they may be provided with a cover. 

Second Embodiment 

55 

[0027] In Figs. 4 and 5, the numeral 1b designates a 
fluid cylinder assembly of a second embodiment. Fig. 6 
is a sectional view of a plate-shaped member 51 used 
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therein. Like numerals are employed to designate com- 
ponent parts tunctioning in substantially the same man- 
ner as the previously described ones. These component 
parts will need no further description, or it will be suffi- 
cient to comment briefly thereon. 
[0028] Referring now to Figs. 4 and 5, the plate 
shaped member 51 is mounted on the rod cover 14. 
Four holes 66a to 66d are disposed closer to the center 
of the plate-shaped member 51 and are tapped to en- 
gage the threaded ends of the tie bolts 16a to 16d re- 
spectively, by which the component parts constituting 
the fluid cylinder assembly 1b are associated with each 
other..: 

[0029] Another four holes 67 are disposed closer to 
the edges of the plate-shaped member 51 . These holes 
67 are to be engaged by bolts (not shown) for mounting 
the fluid cylinder assembly 1 b on the frame FM. 
[0030] The central region where the holes 66a to 66d 
are disposed and the edge regions where the holes 67 
are disposed are maintained in separated relationship 
by slits 61 and 62 opening through the upper and bottom 
surfaces (as viewed on Fig. 4) of the plate-shaped mem- 
ber 51 . Recesses 63 and 64 are provided in one and the 
other .end portions respectively of each slit such that 
each recess lies across both slits 61 and 62. Strain 
gauges GU1 and GU2 are adhered to thin portions 63a 
and 64a formed by the recesses 63 and 64 respectively. 
[0031] Each of the recesses 63 and 64 is provided 
with a hole 69 through which a lead wire extending out- 
wardly of each strain gauge GU passes. 
[0032] Force exerted on the central region where the 
holes 66a to 66d are disposed is bound to act on the 
thin portions 63a and 64a and subject them to elastic 
deformation. Then the strain gauges GU generate sig- 
nals proportional to the magnitudes of strain. 
[0033] Thus the plate-shaped member 51 constitutes 
a combination of a load transducer and means for 
mounting the fluid cylinder assembly on the frame FM. 
The thrust generated by the fluid cylinder assembly 1b 
is measured on the basis of signals generated by the 
strain gauges GU adhered to the plate-shaped member 
51. 

[0034] Particular advantages obtained from the fluid 
cylinder assembly lb reside in the lacts that the strain 
gauges GU adhered to the plate-shaped member 51 
permit the measurement of thrust to be carried out easily 
and with a high degree of accuracy and that, since the 
plate-shaped member 51 does not move during meas- 
urement, the movement of lead wires extending out- 
wardly of the strain gauges GU is precluded. 
[0035] Since the strain gauges GU are arranged in the 
recesses 63 and 64, they are free from outside interfer- 
ence. 

[0036] While the second embodiment has been de- 
scribed particularly in connection with two recesses 63 
and 64 provided in one side of the plate-shaped member 
51, it will of course be apparent to those skilled in the 
art that another two recesses may be provided in the 



other side thereof so that there may be a total of four 
strain gauges GU adhered to four recesses respectively. 
[0037] Fig. 7 provides a diagrammatic illustration of 
an example of an electrical circuit incorporated in the 

5 strain gauge GU, and Fig. 8 provides a diagrammatic 
illustration of an example of how to make a connection 
for the strain gauges GU1 to GU4. 
[0038] The strain gauge GU shown in Fig. 7 includes 
two resistive elements A and B. An increase or decrease 

to in the resistance of each of these two resistive elements 
A and B depends on the direction in which it is expanded 
or contracted. When the strain gauge GU as a whole is 
expanded vertically as viewed on Fig. 7. a decrease in 
the resistance of the resistive element A and an increase 

is in the resistance of the resistive element B occur. Con- 
verses occur when the strain gauge GU as a whole is 
contracted vertically as viewed on Fig. 7. 
[0039] ReferringnowtoFig. 8, four strain gauges GUI 
to GU4 are connected to form a bridge. Each of four 

20 nodes of this bridge is constituted by a point TC where 
the terminals of two resistive elements A and B meet in 
each strain gauge GU. The resistive element A of one 
strain gauge GU is connected to the resistive element 
A of another strain gauge GU adjacent the first men- 

25 tioned strain gauge GU, and the resistive element B of 
one strain gauge GU is connected to the resistive ele- 
ment B of another strain gauge GU adjacent the first 
mentioned strain gauge GU. 

[0040] The input to the circuit is applied across the 

30 diagonally opposite nodes EA and EB of the circuit such 
that constant voltage across them is about 1 0 volts, and 
the output is taken from the remaining two nodes UA 
and UB. For zero adjustment to correct the imbalance 
between the strain gauges GU, a resistor having the 

35 same temperature characteristic as the strain gauges 
GU may be connected either across the nodes EA and 
UB or across the nodes EA and UA. 
[0041] The arrangement of resistive elements to be 
employed when two strain gauges GU are used instead 

40 of four is such that a pair of opposite arms of the bridge 
consist of two resistive elements A respectively and an- 
other pair of opposite arms of the bridge consist of two 
resistive elements B respectively. 
[0042] various types of strain gauges may be used as 

45 the strain gauges GU. A connector or a terminal block 
may be used for connecting a lead wire extending out- 
wardly of each strain gauge GU. Nuts may be used for 
securing the flanges 41 and 42 of the load transducer 
23 in position with respect to the proximate surfaces. 

so Many modifications and variations are possible with re- 
spect to the construction, shape and dimensions of the 
cylinder tube 11 . 

[0043] Changes in the construction, shape, dimen- 
sions and material of the load transducer 23, thin cylin- 
55 drical wall 43, plate-shaped member 51 , slits 61 and 62, 
and fluid cylinder assemblies 1 and 1b may be made 
without departing from the nature and principle of the 
invention. 
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Claims 

1. A fluid cylinder assembly provided with a cylinder 
tube in which a piston coupled by a piston rod op- 
erates, said cylinder tube having one end connect- 
ed with a rod cover, said piston rod passing through 
an aperture in said rod cover and projecting out- 
wardly, the improvement comprising: 

means for mounting the fluid cylinder assembly 
on a frame of a supporting structure; 
a load transducer which converts a magnitude 
in load axially acting thereon to a magnitude in 
voltage or current and develops an electric sig- 
nal accordingly; and :z7h .. ^ . - ' 
said means and said loadtransducer being as- 
sociated with said rod cover. 

2. A fluid cylinder assembly as defined in claim s l, 
wherein said load transducer comprises: : 

two flanges lying on, and perpendicular Jo, the 
axis of the fluid cylinder assembly and^disppsed 
in spaced pa rallel re jation^with eachTothVr ; j 
a thin cylindrical wall capable 6f _elast ic^defp r- 
mat ion . .interposed, between, and^ integrally 
fqrmed with, saidtwo flanges and extending co- 
axially of the fluid cylinder assembly; /and 
at least one strain sensor mounted on said thin 
cylindrical wail 

3. A fjuid cylinder assembly as-, d^ 
wh erein said thin cylindrical;^ 

cavity adapted to enclose greasejherein:^ s ^ ; 
• • • .. •.. -> >.-■•;• 

4. - A fluid cylinder assembly 'as defined .Jn:- claim., 2 t ' 

wherein said piston rod and said: load transducer 
are maintained in spaced relation.' ' 

5. A fluid cylinder. assembly as defined in claim 2, 
wherein one of said; two flanges; disposed farther 
from said cylinder tube is connected with a flange 
for mounting the fluid cylinder assembly on said 
frame of said supporting structure. • : 

6. A fluid cylinder assembly as defined in ; claim 5, 
wherein a scraper for cleaning the surface of said 
piston rod is provided on the internal surface 6f said 
flange for mounting the fluid cylinder assembly on 
said frame of said supporting structure. 



10 



is 



20 



25 



shaped member, said central region serving to con- 
nect with said rod cover, and said edge regions 
serving to mount the fluid cylinder assembly on said 
frame of said supporting structure. 

8. A fluid cylinder assembly as defined in claim 7, 
wherein said slits are symmetrically disposed at 
each side of a line intersecting the axis of said piston 

. /od. 

9. A fluid cylinder assembly as defined in claim 8, 
wherein the distance between said two slits is de- 
creased in two portions symmetrical about the axis 
of said piston rod, said two portions being adapted 
to be subjected to elastic deformation. 

10. A fluid cylinder assembly as defined in claim 9, 
wherein recesses are provided in said two portions 

\ respectively. 

11:. A fluid cylinder assembly as defined in claim 10, 
wherein strain sensors are mounted in said recess- 
■ es, said strain sensors together with said two por- 
tions constituting said load transducer. 
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A fluid cylinder assembly as defined in claim 1, 
wherein said load transducer and said means for 
mounting the fluid cylinder assembly on a frame of 
a supporting structure are combined in a plate- 
shaped member having a central region and edge 
regions spaced therefrom by slits opening through 
an obverse side and a reverse side of said plate- 
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(54) Fluid cylinder assembly 

(57) A fluid cylinder assembly (1 ) of the kind provid- 
ed with a cylinder tube (11) in which a piston (12) cou- 
pled by a piston rod (13) operates The cylinder tube has 
one end connected with a rod cover (14). The piston rod 
passes throug h a n apertu re in the rod coyer and projects 
outwardly. The rod cover is associated "with means for 
mounting the] fluid cylinder assembly ;on a frame (FM) 
and a load transducer (23) which converts a change in 
load axially acting thereon to a change in voltage or cur- 
rent and develops an electrical signal. The movement 
of a lead wire extending outwardly of the load transducer 
is precluded, and the results of measurement are ob- 
tained with a high degree of accuracy. 
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